We present a proof of principle for a new imaging technique combining leakage radiation microscopy with high-resolution interference microscopy. By using oil immersion optics it is demonstrated that amplitude and phase can be retrieved from optical fields, which are evanescent in air. This technique is illustratively applied for mapping a surface mode propagating onto a planar dielectric multilayer on a thin glass substrate. The surface mode propagation constant estimated after Fourier transformation of the measured complex field is well matched with an independent measurement based on back focal plane imaging.
Leakage radiation microscopy (LRM) is a well-known microscopy technique that is gaining more and more popularity because of its wide potential application in the fields of plasmonics and nano-optics [1] . LRM allows the direct imaging of a substrate leakage radiation indicative of the spatial distribution of evanescent modes coupled on a variety of photonic/plasmonic nanostructures [2] [3] [4] . In the past, a number of phenomena have been investigated by LRM, such as plasmon waveguiding [5] , plasmon focusing [6] , interference [7] , and light chirality [8] , wherein only the field intensity is collected. Indeed, the spatial distribution of the phase of evanescent fields cannot be directly accessed by means of standard LRM.
In this Letter, we propose an imaging approach based on the combined use of LRM and a high-resolution interference microscope (HRIM) based on a Mach-Zehnder configuration [9] . The proposed arrangement expands the capabilities of more conventional LRM setups by providing both amplitude and phase information of (leaky) evanescent fields on transparent substrates.
The experimental setup is sketched in Fig. 1 . A detailed description of the working principle of the interferometric technique employed for the amplitude and phase retrieval in this arrangement can be found in [10] .
Here, a collimated beam from a frequency doubled Nd:YAG laser source at λ 532 nm is split in two arms of a Mach-Zehnder interferometer by means of a polarizing beam splitter (PBS). The polarization of the light beams is controlled through a pair of half wavelength plates and Glann-Taylor polarizers. The so-called object beam is sent to an objective (numerical aperture, NA 0.5) used for sample illumination. The effective NA of the illumination objective can be reduced as desired by means of a diaphragm placed in front of the objective entrance pupil.
The light emerging from the sample is collected by means of an oil immersion objective (NA 1.4) and imaged through a tube lens on a charge-coupled device (CCD), where it is superposed with the reference beam.
The reference beam undergoes a set of five controlled phase shifts produced by means of a piezo-actuated mirror. An offline image-processing algorithm based on the Schwider-Hariharan method [11, 12] takes into account the five interference images recorded by the CCD and retrieves amplitude and phase distributions related to the collected field.
The experimental mounting is such that the illumination objective can be moved longitudinally (along the z axis) with respect to the sample plane. Furthermore, the assembly of the illumination objective together with the sample holder stage can be laterally moved (along the x and y axes) with respect to the collection objective. This situation is depicted in more detail in Fig. 2(a) . In the measurements presented below, the illumination and the collection objectives are positioned off-axis by a few tens of micrometers in order to reduce the collection of the direct illumination. The investigated structure consists of a Ta 2 O 5 -SiO 2 multilayer [or one-dimensional photonic crystal (1-DPC)] deposited by ion beam assisted evaporation on a thin glass substrate [13] . As shown in Fig. 2(a) , the dielectric stack is periodic, but the top silica layer is tailored, allowing a TE-polarized Bloch surface wave (BSW) to be coupled at a wavelength of λ 532 nm. Since BSWs are surface modes whose dispersion curves are located beyond the light line in air [14, 15] , they can be coupled through a high index prism according to the Kretschmann configuration or, alternatively, by means of a grating coupler with proper period. In our case, since the illumination is provided from the air side of the 1-DPC, the use of a grating coupler is preferred. Such a linear grating is directly fabricated on the top silica layer by using focused ion beam (FIB) lithography over an area of 10 μm × 10 μm approximately, as shown in Fig. 2(b) . Atomic force microscopy measurements reveal a periodic corrugation with spatial period Λ 460 nm and an average full depth h 80 nm.
When a Bertrand lens is inserted in the collection optical path before the tube lens, a back focal plane (BFP) image proportional to the Fourier transformation of the direct plane image [16] is produced on the CCD image plane [17] . This arrangement is particularly useful for collecting light belonging to the BSW leakage radiation as separated from the direct illumination and eventually the scattered light contributions. In Fig. 3(a) the BFP image of the collection oil immersion objective is presented. The external (green) circle defines the maximum NA of the objective (NA 1.4), while the inner (blue) circle defines the light line in air (corresponding to NA 1). The direct incident illumination is visible as a circle with radius NA 0.15, corresponding to the particular illumination configuration used in this case. When the object beam polarization is set as linearly polarized along the x axis and the grating is brought under the illumination spot with its grating vector parallel to the y axis, a bright arc appears beyond the air light line, at a location k y ∕k 0 1.19 0.2. This is highlighted in Fig. 3(b) , where the BFP intensity cross section along the red dotted line in Fig. 3(a) is plotted. The bright arc is polarized along the x direction, and it is associated to a BSW coupled by the grating. As a check, the calculated TE-polarized angular reflectance profile at λ 532 nm presented in Fig. 3(c) reveals the presence of BSW resonance dips at k y ∕k 0 1.15 on the ideal multilayer layout from design [14] .
A recent paper [18] showed how LRM intensity images are affected by fringe modulations due to the coherent superposition of the leakage and the scattered radiation emitted from each of the plurality of point-like sources involved in an extended field distribution. As previously reported in Fig. 3 , these two contributions can be rather well distinguished on the BFP, but they cannot be really separated on the direct plane image, and so interference effects occur.
In order to limit this effect, we managed to minimize the scattered light by positioning the grating (directly illuminated by the incidence beam) almost completely outside of the field of view of the collection objective and Fourier blocking almost completely the allowed light in the glass substrate. Since the 1-DPC surface has a very low roughness, we could limit such interference effects due to scattering. In these conditions, we performed a full amplitude/phase measurement through the five-step interferometric technique as described above. An exemplary result is presented in Fig. 4 .
Specifically, Fig. 4(a) shows an amplitude distribution of the TE-polarized electric field associated to a BSW launched through direct illumination (NA ≈ 0.25) of the grating, positioned at the top border of the image (saturated CCD pixels). The BSW propagates according to the arrow depicted in [19] . The presence of high-frequency fringes can barely be appreciated on the amplitude distribution, because of the above-mentioned effect considered in [18] . Moreover, Fig. 4(b) exhibits a corresponding BSW phase distribution, wherein the BSW propagation is revealed by a periodic sawtooth phase profile, as reported elsewhere [20] . By combining the amplitude and phase mappings, a complex electromagnetic field distribution can be obtained, whose real part is illustrated in Fig. 4(c) .
If a fast Fourier transformation (FFT) is performed on the complex field recovered along the propagation direction, the spatial Fourier spectrum illustrated in Fig. 4(d) is obtained. The spatial spectrum is characterized by two peaks symmetrically centered at spatial frequencies f BSW y 2.25 0.3μm −1 . The peak with positive frequency and higher amplitude is associated to a BSW propagating in the positive y direction, while the peak with smaller amplitude is associated to a BSW propagating in the negative y direction, collected essentially from the grating region. The two detected peaks correspond to a spatial modulation of the complex field matching the BSW effective wavelength, as given by λ BSW eff j1∕f BSW y j 444.4 59.3 nm. This value should be compared with the effective BSW wavelength from the BFP image analysis in Fig. 3 as λ BSW eff 442.2 7.5 nm, revealing a good matching between the two measurements. The larger uncertainty in the BSW effective wavelength as estimated from the direct-plane complex field FFT can be explained by a smaller spatial domain wherein the field can be properly detected.
In conclusion, we presented an original wide-field microscopy technique able to recover amplitude and phase distributions of evanescent fields that are leaky through a transparent substrate. This arrangement results from the combination of two well-known imaging techniques, namely LRM and HRIM. Upon the addition of an interferometric means according, e.g., to a MachZehnder configuration, a standard LRM can improve phase measurement capabilities in a rather easy way.
As a proof of principle, we demonstrated the effectiveness of this technique by imaging the complex field of a surface mode propagating on a proper photonic crystal. The TE-polarized BSW considered here allowed us to neglect some issues associated, e.g., to LRM imaging of TM-polarized evanescent fields [18] . In fact, in that case, contrast artifacts arising from the vectorial sum of TM-polarized light can likely be produced depending on the magnification of the imaging system employed. Moreover, taking into account the lateral resolution limited by diffraction, this interferometric leakage microscopy approach can be of great advantage in a number of nanophotonic characterizations where the phase information concerned with the evanescent fields is of major relevance.
